Introduction
Multi-quantum well (MQW) structure composed of wurtzite crystals such as AlN, GaN and InN presents specific behavior in the photoluminescence properties [1] . The remarkable features depending on the well thickness are (i) the luminescence peak appears at the lower energy than that of bulk, (ii) decreasing the intensity in the sample with thicker well layers than some well thickness. The typical spectra are presented in Fig. 1 . Here, it should be noticed that (iii) the photoluminescence intensity does not decrease monotonously with the thickness of the well layers but weakens rather rapidly when the photoluminescence peak shifts across the bulk's position at 357.9 nm. These phenomena seem to come from the discrepancy of the valence band alignment among AlN, GaN and InN. As well known, the valence band alignment of AlN is different from GaN and InN. In GaN and InN, the valence band top is formed by the 2p x and 2p y orbital of the nitrogen atom in the majority parts, and the band consisting of the 2p z orbital is lowered, while the valence band top in AlN mainly consists of a 2p z orbital. As the band splitting of Γ 5 and Γ 1 (p z ) is brought by ligand filed of trigonal type owing to the crystal symmetry € P 3 6 mc(C 6v 4 ), the valence band alignment depends on the difference of the bond length from the centered nitrogen ion to the cation ion (see next chapter in details). Wurtzite structure constructing nitride semiconductors has the spontaneous dielectric polarization owing to the crystal symmetry € P 3 6 mc(C 6v 4 ). The strength of the spontaneous polarization depends on the amount of the symmetry deviation from cubic symmetry (T d ) and on the constituent elements of the compound. Among the nitride semiconductors, AlN, GaN and InN with wurtzite structure, the highest polarization comes from AlN. The interfaces of MQW composed of the substances having different spontaneous dielectric polarization cause various physical phenomena. The most effective phenomenon is induced extra dielectric polarization (and induced piezoelectricity) in the layers with the lower spontaneous dielectric polarization. Furthermore, the hetero-structure consisting of the different lattice constants produces the biaxial stresses at the interfaces. The both, induced piezoelectricity and interfacial stress, cause the deformation of an apex of the trigonal pyramid formed by, for example, GaN 4 or Ga 4 N, resulting in the rearrangement of the valence band order.
In this conference, we try to explain the remarkable features, (i), (ii) and (iii) with the valence band rearrangement drawn by the induced dielectric polarization and the interfacial stress.
A Model Ligand Field Splitting
The degree of the ligand field splitting in GaN and InN is very small and about 10 ~ 15 meV because the site symmetry is very close to cubic T d , that is reason why the cubic approximation well meet. On the other hand, AlN has rather large splitting value of ~ 220 meV with the opposite sign for GaN and InN. Three types of the contributions to trigonal part of the ligand field potential, which is taken place by a deviation from the cubic symmetry to a [111] direction, are given as follows [2] , Vtri (r) = V1(T 2 (xy,yz,zx)) + V2(A 2u (xyz)) + V3 (T 2 (x,y,z) ),
where r is electron coordinate. The first term in Eq. (1) does not interact with the p character, the second one interacts but does not contribute to the splitting, and the last one only contributes to the splitting of the valence band composed of the nitrogen p-orbital mainly. Figure 2 presents the image of the ligand field splitting of the valence band by sliding of an apex of the trigonal pyramid along a c-axis of wurtzite crystal, where figure is depicted under the conditions that nitrogen 2p wavefunctions are rather localized at a nitrogen ion, and the second neighbors (III-element) are fixed. If the nitrogen orbital spreads to the second neighbor, the band alignment in Fig. 2 is contrary. In the case that the bond distance dc from the center ion (nitrogen) to the apex (cation) of the trigonal pyramid is shorter than the distance d to the three equivalent legs, the stronger attractive potential from the neighbor cation with tri-valence (+3) works on the p z electron, resulting in lowering this band below the band with the p x or p y orbital. This situation is drawn in the right hand part in Fig. 2 
Energy Band Rearrangement
Crystals with wurtzite structure have rather strong spontaneous dielectric polarization along the c-axis. The stronger spontaneous polarization in AlN induces the extra dielectric polarization in the weaker GaN or InN. The induced dielectric polarization gives rise to the deviation in the N -Ga bond distance along the c-axis of wurtzite GaN through electron -lattice interaction.
The remarkable features of photoluminescence i), ii) and iii) observed in Fig. 1 can be explained by the valence band rearrangement as shown in Fig. 3 [3] . We deal with the case shown in Fig. 1 as an example. The left diagram of Fig. 3 shows the band diagram of bulk GaN only around Γ point along k z direction. The valence band splits into three bands named H. H with a Γ 9 symmetry, L.H with a Γ 7 symmetry, and LFS with a Γ 7 (p z ) symmetry, of which situation is described in the last section, and where spin -orbital interaction is taken into consideration. The central and right diagrams express the rearrangement of the band of the well layers of MQW by induced dielectric polarization (and piezoelectric effect additionally). The Γ 7 (p z ) band lifts up to the valence band top instead of the Γ 9 band. This ordering of the band sequence is the same as AlN. The central diagram indicates the case of the strong confinement of the electron in the well layers of MQW corresponding to the spectra at the highest and the middle energy in Fig, 1 , where the valence band top practically becomes the Γ 9 band. It should be emphasized that the strength of the spectrum of both remains the same. When the confinement is loose, the band top is the Γ 7 (p z ) band in accordance with the sequence, corresponding to the spectrum at the lowest energy in Fig. 1 . When the Γ 7 band having the p z character jumps to the valence band top, the luminescence from the conduction band is not directed along the c-axis, but is emitted from the edge of the MQW film. Therefore, the photoluminescence from the sample surfaces is considerably decreased. At the well thickness corresponding to k zc indicated by the blue arrows in Fig. 3 , the intensity is reduced to 2/3, and rapidly weakens in the shorter wavenumber. The red shift across the bulk value is evident from Fig.3 .
The lattice mismatch between the layers of MQW structures produces compressive or tensile bi-axial stress (strain) at the interfaces. The interfacial stresses cause the deformation of the lattice and constrains the modification of the charge distribution, so-called, piezoelectricity. This effect also brings the rearrangement of the valence band ordering. The details will be described in Conference.
